Purpose Genexol-PM is a Cremophor EL-free formulation of low-molecular-weight, non-toxic, and biodegradable polymeric micelle-bound paclitaxel. We conducted a phase III study comparing the clinical efficacy and toxicity of Genexol-PM with conventional paclitaxel (Genexol).
Introduction
Paclitaxel, a chemotherapeutic agent that interferes with microtubule function, is among the most effective treatments for metastatic breast cancer (MBC) [1, 2] . Because of its poor solubility in conventional solvent [3] , paclitaxel is prepared using polyoxyl-35-castor oil (Cremophor EL; CrEL) as a solubilizer [4, 5] . Unfortunately, CrEL contributes to hypersensitivity reactions in a substantial number of patients, necessitating premedication prior to paclitaxel administration [6] [7] [8] [9] [10] [11] [12] .
Genexol-PM is a lyophilized polymeric micellar formulation of paclitaxel that delivers a higher paclitaxel dose to the tumor tissue with lower vehicle-related toxicities than conventional paclitaxel formulations. Unlike CrEL, Genexol-PM is prepared using the low-molecular-weight, biodegradable amphiphilic diblock copolymer mPEG-PDLLA [methoxy-(polyethylene glycol)-block-poly (D,L-lactide)] as a solubilizer [13] .
Dose-limiting toxicities of Genexol-PM include neuropathy, myalgia, and neutropenia. Two phase I trials investigated the maximum tolerated dose (MTD) of Genexol-PM: one in the United States that reported an MTD of 435 mg/m 2 , and one trial in Korea that showed an MTD of 390 mg/m 2 . For safety, a dose of 300 mg/m 2 was recommended [14] . A phase II trial used this dose of Genexol-PM in patients with MBC and reported a high response rate of 58.5%, including complete responses (CRs) in five patients and partial responses in 19 patients [1] . This trial also showed a relatively low rate of myelosuppression even though the dose applied was higher than the conventionally used dose of CrEL-based paclitaxel [1] .
In the present multicenter, open-label, randomized, phase III study, we evaluated the non-inferiority of Genexol-PM in terms of clinical efficacy compared to conventional CrELbased paclitaxel (Genexol, Samyang Biopharmaceuticals Corp.). This trial was registered with ClinicalTrials.gov, number NCT00876486.
Materials and Methods

Patient population
We performed a multicenter joint clinical trial in patients with HER2-negative advanced or metastatic invasive breast cancer at 20 institutions in Korea. Patients were eligible if they had not been treated with taxane for recurrent or metastatic disease, and had not relapsed within 1 year of receiving adjuvant paclitaxel or docetaxel treatment. Additional inclusion criteria were an Eastern Cooperative Oncology Group (ECOG) performance status of 0-2 with adequate organ function, and disease measurable using the Response Criteria in Solid Tumors (RECIST) ver. 1.0 [15] . Exclusion criteria were central nervous system metastases, current uncontrolled medical conditions that could limit the patient's ability to undergo study treatment, preexisting peripheral neuropathy above grade 1 according to the National Cancer Institute Common Toxicity Criteria, and history of allergic or hypersensitivity reactions to the study drug or any of its excipients.
All participants gave their written informed consent. The study protocol was approved by the appropriate institutional review boards and independent ethics committees, and was in compliance with Good Clinical Practice, Guidelines of the International Conference on Harmonization, and the Declaration of Helsinki.
Treatment
Patients enrolled in the study were randomly assigned (1:1) to a treatment group, with stratification by prior chemotherapy in the recurrent or metastatic setting. On the first day of each cycle, Genexol-PM (Samyang Biopharmaceuticals Corp., Seoul, Korea) was intravenously administered over 3 hours without premedication, which was repeated every 3 weeks. For safety, Genexol-PM administration began at a dose of 260 mg/m 2 , while Genexol was administered at a dose of 175 mg/m 2 . At the discretion of the physician, Genexol-PM dosage could be increased to 300 mg/m 2 after the first cycle. To minimize hypersensitivity, Genexol administration was preceded by premedications, including dexamethasone and H2-blockers. In the Genexol-PM group, premedications were allowed in cases showing hypersensitivity or when deemed necessary by the investigator.
Assessments
Every 6 weeks, routine tumor assessments were performed based on RECIST ver. 1.0 criteria. All partial response (PR) and CR were confirmed with repeat imaging at least 4 weeks later. Such assessments were repeated until the time of disease progression or death.
Every cycle included laboratory testing and assessment of ECOG performance status. Adverse events were graded according to the National Cancer Institute's Common Terminology Criteria for Adverse Events (CTCAE), ver. 3.0.
Statistical analysis
The primary objective of this study was to determine the objective response rate (ORR), defined as the fraction of patients whose maximum response was CR or PR based on RECIST ver. 1.0. Secondary objectives included progressionfree survival (PFS) and overall survival (OS). This study had 80% power, with a one-sided type I error of 0.025. The predefined non-inferiority margin was an absolute difference of 7% in the primary endpoint. After confirming non-inferiority of treatment with Genexol-PM, we tested the superiority hypothesis with the null hypothesis that ORR did not differ between the two groups.
Categorical variables were analyzed using the chi-square test, while non-parametric variables were evaluated with the Wilcoxon rank-sum test. The survival curve was analyzed using the Kaplan-Meier method, and between-group differences were evaluated using the log-rank method. Cox proportional hazard analysis was applied to identify variables that significantly influenced the objective response to the study drug. We also analyzed safety and efficacy endpoints within the per protocol population who received at least one dose of study treatments. All statistical analyses were conducted using SPSS ver. 21 (IBM Corp., Armonk, NY) while applying a two-sided significance level of 5%.
Results
Patient population
This study enrolled 230 MBC patients from December 2008 to February 2013 (CONSORT diagram) (Fig. 1) , 212 of whom were included in the analyses of clinical efficacies and safety. Median patient age was 49 years (range, 28 to 72 years) in the Genexol-PM group, and 52 years (range, 25 to 78 years) in the Genexol group (p=0.02) ( Table 1 ). The two groups did not significantly differ with regards to hormone receptor status or visceral metastasis. Over 80% of patients received Genexol-PM or Genexol as first-line cytotoxic chemotherapy for advanced MBC ( Table 1 ). The median number of previous chemotherapy treatments was one (range, 0 to 4). Patients in the Genexol-PM group underwent a median of six treatment cycles (range, 1 to 50 cycles), with a relative dose intensity of 246.8±21.3 mg/m 2 (95.0%). Five patients in the Genexol-PM group received an escalated dose of 300 mg/m 2 starting in cycle 2. Patients in the Genexol group received a median of six treatment cycles (range, 1 to 34 cycles), with a relative dose intensity of 168.3±10.6 mg/m 2 (96.2%).
Efficacy
The Genexol-PM group showed an ORR of 39.1%, with a 95% confidence interval (CI) of 31.2 to 46.9. The Genexol treatment group showed a lower ORR of 24.3% (95% CI, 17.5 to 31.1), demonstrating that Genexol-PM was non-inferior (pnon-inferiority=0.021) and was in fact superior to Genexol with regard to the ORR (psuperiority=0.016) ( Values are presented as number (%).
a)
Objective response rate=complete response+partial response. Systemic cytotoxic chemotherapy for metastatic disease.
for metastatic disease (HR, 0.45; 95% CI, 0.24 to 0.87; p=0.02) (Fig. 2) . We also observed a greater response rate to Genexol-PM among patients over 45 years of age (HR, 0.39; 95% CI, 0.19 to 0.80; p=0.01) and those with hormone receptor-positive disease (HR, 0.41; 95% CI, 0.20 to 0.83; p=0.01) (Fig. 2) . The median follow-up period was 24.5 months (range, 0.0 to 48.7 months). The median OS during this time was 28.8 months (95% CI, 22.8 to 34.8) for the Genexol-PM group and 23.8 months (95% CI, 18.7 to 28.9) for the Genexol group. The between-group difference in OS did not reach statistical significance (p=0.52) (Fig. 3A) . We found a longer median PFS in the Genexol-PM group (8.0 months; 95% CI, 6.1 to 9.9) than the Genexol group (6.7 months; 95% CI, 5.6 to 7.8), but this difference did not reach statistical significance (p=0.26) (Fig. 3B) .
Safety
According to CTCAE ver. 3.0, grade 1 or 2 toxicities comprised over 85% of the adverse events reported in both groups (Table 4) . Neutropenia of grade 3 or higher was more common in the Genexol-PM group (68.6%) than in the Table 3 . Clinical variables associated with better response to treatment HR, hazard ratio; CI, confidence interval.
Genexol group (40.2%) (p < 0.01), which was expected due to the higher paclitaxel dose administered with Genexol-PM. However, the frequency of febrile neutropenia was similar between the two groups ( Table 4 ). The incidences of ! grade 3 peripheral neuropathy and myalgia did not differ significantly according to study treatment (Table 4) . Hypersensitivity to the study drugs (of any grade) was more frequent in the Genexol-PM group; therefore, the study protocol was amended to allow premedication in the Genexol-PM arm at the physician's discretion. Finally, 87 patients (82.9%) received premedications before Genexol-PM administration. One patient dropped out of the study because of severe hypersensitivity to Genexol. All reported toxicities were manageable with conservative care. 
Discussion
Paclitaxel currently plays a central role in breast cancer treatment. However, the paclitaxel solubilizer CrEL contributes to severe toxicities, including hypersensitivity reactions and peripheral neuropathies [6] [7] [8] [9] [10] [11] [12] . The CALGB 9342 trial previously demonstrated that higher doses of conventional paclitaxel did not improve response rates or survival among patients with MBC, primarily due to greater toxicities [16] . Conversely, nanoparticle albumin-bound (nab) paclitaxel at 260 mg/m 2 resulted in much higher response rates with similar safety profiles compared to conventional paclitaxel at 175 mg/m 2 in cases of MBC (33% vs. 19%, respectively) [17] .
Several randomized trials have investigated the roles of higher paclitaxel doses for breast cancer treatment, with controversial results. The large randomized trial CALGB 40502 reported superior PFS with conventional weekly paclitaxel administration compared to weekly nab-paclitaxel in PFS as the first-line therapy for MBC (11 months vs. 9.3 months; p=0.054), even though conventional paclitaxel was administered at a lower dose [18] . In contrast, in the neoadjuvant setting for early breast cancer, nab-paclitaxel, achieved significantly higher pathological CR compared with conventional paclitaxel (38% vs. 29%, p=0.00065) [19] .
Based on the promising results of a phase II clinical trial [1] , we compared the clinical efficacy of CrEL-free Genexol-PM with that of conventional solvent-based paclitaxel Genexol-PM. In this context, using a different solubilizer enhanced the efficacy of drug delivery while limiting toxicities, making it possible to safely administer higher doses of paclitaxel. Consistent with previous results, we found a higher response rate for Genexol-PM than Genexol. We further found that the response rate with Genexol-PM was significantly higher among patients of more than 45 years of age, with visceral metastasis, with hormone receptor-positive disease, and in the first-line treatment setting. Although the higher response rate with Genexol-PM was not associated with improved PFS, there was a trend of longer PFS in the Genexol-PM group. It is possible that our study design targeting ORR within a relatively small population may have produced results with underpowered subgroup analysis.
Another important issue was dosing schedule. As a matter of fact, toward the end of patients accrual in the trial, weekly palictaxel or nab-paclitaxel has become recognized as a preferred schedule in view of its superiority to every three weeks schedule in CALGB 9840, NCT00274456 [20, 21] . Current study demonstrated comparable clinical efficacies of Genexol-PM over standard paclitaxel in the same dosing every 3 weeks schedule, although this schedule is not widely preferred one in common practice.
Genexol-PM and conventional paclitaxel showed similar safety profiles. As expected, the Genexol-PM arm of the study showed a higher incidence of neutropenia, but similar rates of peripheral neuropathy were observed in the two groups. Hypersensitivity observed during the study period led to a requirement for premedications in the Genexol-PM group, although the majority of hypersensitivity events were easily manageable in both arms.
Considering potentially higher clinical efficacies and similar toxicity profiles, nab-paclitaxel could replace conventional paclitaxel as the first line therapy of MBC; however, its cost-effectiveness has been issued consistently. The National Institute for Health and Care Excellence (NICE) stated that using nab-paclitaxel (Abraxane) is not cost effective in view of its much higher cost and limited benefits compared to current treatment in the management of pancreatic cancer, although no such data are available in breast cancer [22] . On the other hand, Genexol-PM costs same as a generic version of the older medicine, Taxol, that it would not result in any added burden for the breast cancer patients. In this respect, Genexol-PM would be an easily accessible alternative for MBC treatment.
Conclusion
In conclusion, our present phase III study documented an improved overall response rate to Genexol-PM compared to standard Genexol treatment, with manageable toxicities with both drugs. Genexol-PM allows administration of an increased dose of paclitaxel, offering significantly improved efficacy without compromising patient safety. Further studies of Genexol-PM are warranted, particularly with the use of different schedules, including weekly doses, and in different settings in breast cancer treatment.
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